Abstract Sensitive, simple and rapid spectrophotometric methods for micro determination of fluoxetine hydrochloride (FLU) and clomipramine hydrochloride (CLO). The methods are based on the reaction between the examined drugs and acid dyes, namely; bromocresol green (BCG), phenol red (PhR) and metanil yellow (MY) producing yellow ion-pair complexes followed by their extraction with methylene chloride and measured at 412, 407 and 409 nm for FLU with BCG, PhR and MY, respectively; whereas for CLO at 409, 406 and 407 nm, respectively. All variables that affect the performance of the proposed methods were carefully studied and optimized. Beer's law was obeyed in the concentration ranges 0.86-24.32 lg/mL, 8.64-41.30 lg/mL, 0.86-34.76 lg/mL for FLU and 1.75-24.55 lg/mL, 7.0-50 lg/mL, 1.65-34.78 lg/mL for CLO using BCG, PhR and MY respectively. The methods were validated in terms of accuracy and precision. The proposed methods were successfully applied to the determination of fluoxetine hydrochloride and clomipramine hydrochloride in pure samples, pharmaceutical formulations, spiked post-mortem urine and blood samples.
Introduction
Fluoxetine hydrochloride (Fig. 1a) is an antidepressant of the selective serotonin reuptake inhibitor (SSRI) class. It is chemically designated as N-Methyl-c- [4-(trifluoromethyl) phenoxy] benzenepropanamine hydrochloride. 1 Fluoxetine is readily absorbed after oral administration and is extensively metabolized in the liver by demethylation. The primary active metabolite is norfluoxetine, which is excreted via the kidneys. Further metabolism can occur by O-dealkylation producing p-trifluoromethyl phenol and hippuric acid. 80% of a drug dose is excreted in urine with less than 10% as the unchanged parent drug and 15% excreted in feces. [1] [2] [3] Several techniques have been reported for determination of fluoxetine hydrochloride like spectrophotometry, 4 ,5 liquid chromatography (HPLC), [6] [7] [8] [9] [10] liquid chromatography/tandem mass spectrometry (LC-MS) 11 gas-mass chromatography, GC-MS, [12] [13] [14] potentiometric, 15 capillary electrophoresis, 16 and fluorescence. 17 Clomipramine hydrochloride (Fig. 1b) , chloro-10, 11-dihydro-N,N-dimethyl-5H-dibenz[b,f]azepine-5-propanamine hydrochloride. 1 It is a cyclic antidepressant (CA) which is used to treat several psychiatric disorders, generalized anxiety disorder, depression, panic disorder, obsessive-compulsive disorder, eating disorders and attention deficit hyperactivity disorder. 2 Clomipramine hydrochloride is rapidly and completely absorbed after oral administration, but undergoes extensive first-pass N-demethylation to the major active metabolite, monodesmethyl clomipramine. Clomipramine and monodesmethyl clomipramine are further metabolized by 8-hydroxylation, Noxidation, and conjugation. About 10-15% of a dose is excreted in the urine in 24 h, of which less than 0.2% is unchanged clomipramine or monodesmethyl clomipramine. [1] [2] [3] Several methods described for the determination of clomipramine hydrochloride (CLO) including spectrophotometric 18, 19 HPLC, [20] [21] [22] [23] GCMass, [24] [25] [26] LC-MS, 27, 28 chemiluminometric 29 and electrochemical. 30, 31 For screening of antidepressants in forensic blood samples, the strategies ought to be applicable for simultaneous determination of as many antidepressants, as possible in whole blood which is the most common sample matrix in forensic analysis. 32 Although these sophisticated techniques are available for the determination of these drugs, factors such as the low cost of the instrument, easy handling, lack of requirement for consumables and almost no maintenance have caused spectrophotometry to remain a popular technique, particularly in laboratories of developing countries with limited budgets. The aim of the present study is to develop a simple, accurate, economical, sensitive and less-time consuming spectrophotometric method for the determination of the fluoxetine hydrochloride (FLU) and clomipramine hydrochloride (CLO) in dosage forms and spiked post-mortem urine and blood samples. The methods are based on the reaction between these drugs and acid dyes, bromocresol green (BCG), phenol red (PhR) and metanil yellow (MY) producing a yellow ion-pair complexes followed by their extraction with methylene chloride.
Material and methods

Instrument
A SHIMADZU 1601 spectrophotometer with 1.0 cm quartz cell was used for recording all spectrophotometric measurements. Consort model P400 was used for adjustment of the pH. Temperature adjustment during experiments was carried out with controlled temperature water bath (MLW) Model, W11-TGL, GBR. Automatic pipettes were used to measure the very small volumes whereas glass micropipettes and burets were used to measure the large volumes.
Chemicals and reagents
Fluoxetine hydrochloride (FLU) and fluoxetine capsules (20 mg/cap) were provided from the Misr Pharmaceutical Company (Egypt). Clomipramine hydrochloride (CLO) and Anafranil tablets (25 mg/tab) were provided by the Novartis Pharma Company (Egypt). Chemicals used are (suppliers) as follows:
Phenol red, bromocresol green, metanil yellow, phosphoric acid, boric acid, sodium hydroxide, and acetic acid are products of Merck chemical company while sodium sulfate anhydrous is a product of the BDH chemical company and used without further purification. The most common solvents are chloroform (Lab-Scan product), methylene chloride, carbon tetrachloride, benzene (Sigma Aldrish products), petroleum ether, toluene, n-hexane and cyclohexane (Merck products). Doubly distilled water was used throughout for preparations of all aqueous solutions. 
Preparation of buffer solution
General procedure
In 100 ml separating funnel, 4.0 mL (1.0 Â 10 À3 M) of reagents (BCG, MY) and 5.0 mL (5.0 Â 10 À3 M) of PhR were added to different volumes of solution containing (1.0 Â 10 À3 M) of (FLU and CLO) and 3.0 mL of the optimum buffer solution and the volume was made up to 10 mL with bidistilled water and mixed well. The yellow formed ion-pairs were extracted by a separating funnel with 10 mL methylene chloride; the contents were shaken well for two minutes. Filter the methylene chloride layer over anhydrous sodium sulfate, then complete to 10 mL with the same solvent. 34, 35 The absorbance of the extract was measured at the recommended wavelength against a blank treated in the same way without the addition of FLU and CLO.
Analysis of pharmaceutical tablets and capsules
For the analysis of FLU and CLO in fluoxetine capsules [20 mg/cap], and Anafranil tablets [25 mg/tab], respectively, five contents of capsules and/or tablets were accurately weighed separately and finely powdered and mixed. A portion of the powder equivalent to the average weight of one tablet was dissolved in bidistilled water then filtered through Whatman filter paper no 1 into a 100 mL volumetric flask and diluted to the mark with bidistilled water. An aliquot was used for the determination of each drug according to the procedure mentioned above. 34 
Analysis of post-mortem urine
Transfer 5 ml of post-mortem urine free from investigated drugs to 100 mL separating funnel was spiked with different amounts of drugs were added and 3.0 ml of buffer solution then completes to 10 mL with bidistilled water. 34 An aliquot was used for the determination of each drug, according to the procedure described above.
Analysis of post-mortem blood
Five mL of post-mortem blood free from investigated drugs to 100 mL separating funnel was spiked with different amounts of drugs were added and 3.0 mL of buffer solution then completes to 10 mL with bidistilled water. The content was shaken by methylene chloride for 5 min. 34 The organic layer was collected and dried with anhydrous sodium sulfate and transferred into a dried beaker and evaporated on a hot water bath, the residue was dissolved in 1.0 mL of acetone and 3 mL of buffer solution and the volume was completed to 10 mL with distilled water. An aliquot was used for the determination of each drug according to the procedure described above.
Molecular structure of the ion-pairs
The molecular composition between FLU and CLO ion-pairs with BCG, PhR and MY reagents, Molar ratio and Job's (continuous variation methods) were applied. 36, 37 Job's method of continuous variation was employed; 2.0 Â 10 À3 M solutions of investigating drugs were mixed with 2.0 Â 10 À3 M solution of each selected reagent in which the total volume of drug and reagent was kept constant.
Different amounts of drugs and dyes and optimum buffer were mixed then diluted in calibrated flask and extracted in the same manner as described above.
Results and discussion
Optimization of method
The following parameters were optimized such as dye concentration, type of extracting solvent, effect of pH and effect of time.
Absorption spectra
The absorption spectra for FLU ion-associates with BCG, PhR and MY reagents showed a maximum absorbance at 412, 407 nm and 409 nm respectively. Similarly CLO ionpairs showed a maximum absorbance at 409, 406 and 407 nm, respectively, the absorbance was measured at those k max against the reagent blank ( Fig. 2a and b) .
Effect of pH
The influence of pH was studied using different buffer systems such as phosphate and acetate buffers. The maximum color intensity was observed in the pH ranges (3.0-5.0), (2.0-4.0), and (2.0-3.0) for FLU and (4.0-6.0), (2.0-3.0), and (2.0-5.0) for CLO ion-pairs with BCG, PhR and MY, respectively as shown in (Fig. 3) .
Effect of extracting solvents
Methylene chloride was preferred to other solvents (benzene, toluene, carbon tetrachloride, petroleum ether, chloroform, cyclohexane and n-hexane) in all cases because of its higher efficiency on the color intensity and high extracting power of ion-pairs and high molar absorptivity.
Effect of dye concentration
The effect of dye concentration was studied by taking various amounts ( (Fig. 4) .
Effect of time
The ion-pairs were formed almost instantaneously at room temperature (25 ± 2°C). The effect of time was studied by measuring the absorbance of the extracted ion-pairs at increasing time intervals. The results showed that the ion-associates were formed almost instantaneously and the developed color remained stable for several hours, which are 14, 10, 14 and 14, 12, 14 for FLU and CLO ion-pairs with BCG, PhR and MY, respectively; after these intervals, a decrease in color intensity occurred (Fig. 5) .
The composition of ion-pair complex and its conditional stability constant
In order to determine the stoichiometry of the ion-pairs formed the continuous variation method and molar ratio Determination of fluoxetine and clomipramine hydrochlorides in dosage forms 5 Determination of fluoxetine and clomipramine hydrochlorides in dosage forms method were applied. The results revealed that the formation of ion-pair complex between drug and reagent followed a 1:1 reaction stoichiometry in all cases (Figs. 6 and 7) .
The conditional stability constant (k f ) of the ion-pair complex was calculated from the continuous variation data using the following equation:
where A and A m were the observed maximum absorbance and the absorbance value when all the drug is associated, respectively. 38 C M is the mole concentration of the drug at the maximum absorbance and n is the stoichiometry, which BCG, PhR and MY ion associates with FLU and CLO. The log k f values were found 4.48, 2.75 and 4.26; 4.50, 4.23 and 4.68 for FLU and CLO ion-pairs with BCG, PhR and MY, respectively. From the results the obtained ion associates complex is of high stability.
Interference studies
The results indicated that no interference marked in the determination of FLU and CLO with different reagents BCG, PhR and MY in the presence of different additives such as lactose, glycerol, propylene glycol, sugar and starch which are present in its pharmaceutical preparations. The obedience of absorbance of the ion-pairs of the investigated drugs with coloring reagents to Beer's law is shown in (Fig. 8a and b) .
The calibration graph in each case is described by the equation 39 : A = a + bC where A = absorbance, a = intercept, b = slope and C = concentration in lg/ml, correlation coefficient, intercept and slope of the calibration data are summarized in Table 1 also molar absorptivities (Є) Sandell's sensitivity was evaluated and recorded in Table 1 .
For more accurate analysis the Ringbom optimum concentration ranges were determined by plotting log [drug] in lg/mL against percent transmittance from which the linear portion of the curve gives an accurate range of determination (Table 1) .
Sensitivity
The detection limit (LOD) 40 for the proposed method was calculated using the following equation
where S is the standard deviation of replicate determination values under the same conditions as the sample analysis in the absence of the analyte and k is sensitivity, the slope of the calibration graph, the detection limits were calculated and are recorded in Table 1 . The limit of quantitation, 40 (LOQ)
According to this equation, the limits of quantification were calculated and are recorded in Table 1 .
Analytical applications
The proposed methods were successfully applied to the determination of investigating drugs in pure, dosage forms and spiked urine samples. Six replicates determinations, using reported coloring reagents at different concentration ranges, were carried out for pure FLU and CLO; fluoxetine capsules (20 mg/cap) and Anafranil tablets (25 mg/tab) and their spiked urine samples. The overall recoveries are in the range 97.10-101.86% reflecting a high accuracy of the results (Tables 2  and 3 ).
The mean values obtained and the calculated standard deviations are compared with those obtained by the official methods 41 and by applying the t-and F-tests 42, 43 it was found that there are no significant differences between the proposed and the official methods (Tables 4 and 5) . So the present methods are accurate, precise, highly sensitive, rapid, and simple and their results are in good agreement with those of the official methods.
Conclusion
The proposed methods for the determination of FLU and CLO with different reagents (BCG, PhR and MY) were successfully applied to the determination of investigating drugs in pure, dosage forms and spiked urine samples. The results are compared statistically with the official methods. High recoveries, accuracy, in addition to the high precision indicated by very low values of relative standard deviations have been achieved. Also, these methods are less time consuming and need simple reagents which are available, thus offering an economic method for the routine determination of the cited drugs. 
